Three 35-d trials involving 288 crossbred weanling pigs (initial weight, 7.1 kg; age, 28 d ) were used to determine the separate and interactive effects of two floor space allowances (.28 and .14 m2/pig) and three dietary lysine levels (NRC recommended, NRC + . l % crystalline lysine.HC1, and NRC + .2% crystalline lysine-HC1) on growth performance and several factors that measure variation within pens. Each trial was conducted as a 2 x 3 factorial arrangement of treatments in a randomized complete block design. There were four pens (four pigs per pen) for each of the six treatment combinations in each trial. The lysine x floor space allowance interaction was not significant ( P = .25) for daily gain, daily feed intake, or gain/feed. Restriction of the floor space allowance decreased ( P < .001) daily gain and daily feed intake, but gain/feed was not affected. The humoral immune response, as measured by the level of antibodies produced after two injections of ovalbumin, was not affected by floor space allowance. Addition of .1 and .2% crystalline lysine.HC1 improved daily gain ( P < .07), gain/feed ( P < .lo), and humoral immune response ( P < .05) and was without effect ( P = .28) on feed intake. Natural logarithms of variance, coefficients of variation, and range of daily gain and body weights were not changed by floor space allowance or dietary lysine level. Pigs on adequate and restricted floor space allowances responded similarly to dietary lysine levels. These results suggest that the addition of lysine to the diet was not effective in overcoming the reduction in performance in weanling pigs caused by the restricted floor space allowance.
Introduction
Housing pigs under restricted floor spacing is the current trend in many swine production systems; the objective is t o maximize pen efficiency and reduce facility cost per unit of pork produced. Although pork production in a unit area is maximized under these conditions, it is achieved at the expense of individual pig performance. Restricting floor space allowance will decrease daily gains and feed intake of all classes of pigs, and this reduction is more pronounced in the weanling pig than in growing or finishing pigs (Kornegay and Notter, 1984) . In a comprehensive review, Kornegay and Notter (1984) suggested that approximately 75% of the decrease in daily gain could be explained by reductions in feed intake. ' Appreciation is expressed to Heartland Lysine, Inc., Chicago, IL 60631 for supplying crystalline lysine and for amino acid analysis, to Lisa Flow and Cindy Hixon for data processing and manuscript processing, to Gene Ball for feeding and care of pigs, and to the John Lee Pratt Animal Nutrition Program for financial support.
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J. h i m . Sci. 1993. 71552-556 A number of social and environmental factors are believed t o stress the animal and alter its resistance to disease. Kelley (1980) , however, in his review of stress and immune function, concluded that stress does not always lead to a reduction in host resistance. Austic et al. (1991) suggested that the requirement for amino acids to maximize specific immune functions are at least as high as the requirement for amino acids for growth. However, evidence to support the need for feeding higher levels of amino acids t o enhance immune response is not available.
A reduction in daily feed intake under restricted floor space allowance would result in a reduction in the daily intake of all nutrients, including amino acids. Because lysine is the first-limiting amino acid in corn-soybean meal diets, a reduction in growth could be anticipated if the intake of lysine is reduced. Thus, it can be hypothesized that pigs on restricted floor space allowance will respond more positively to the addition of lysine compared with those given adequate floor space allowance. To test this hypothesis, the present study investigated the separate and interactive effects of different levels of dietary lysine and floor space allowance on the growth performance and immune response of weanling pigs.
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Materials a n d Methods lysine.HC1) on performance. The study was designed as a randomized complete block with 2 x 3 factorial arrangement of treatments. Pigs were randomly allotted to treatment pens (two barrows and two gilts per pen) from outcome groups based on weight, litter, and sex. In each trial, there were four replicate pens for each of the six treatment combinations.
Based on the equation developed by Kornegay and Notter (1984) to predict ADG, a floor space allowance of .28 m2 per pig would produce near maximum individual daily gain, whereas a floor space allowance of .14 m2 per pig would result in approximately a 15% decrease in daily gain for the total period. The Pork Industry Handbook (Fritsche and Muehling, 1986) recommends a floor space allowance of .158 to .232 m2 for pigs from 6.8 to 13.6 kg and of .278 to .372 m2 for pigs from 13.6 to 27.2 kg. Thus, our floor space allowance of .28 m2 per pig is well above that recommended for 6.8-to 13.6-kg pigs and is within the range recommended for 13.6-to 27.2-kg pigs, and .14 m2 per pig is well below both recommendations.
Two basal diets containing 20 and 17.9% CP were used in the study (Table 1 ) and these were formulated to provide the NRC (1988) lysine requirements of 1.15 and .95% for pigs weighing 5 to 10 kg and 10 to 20 kg, respectively. The basal diets were fortified to meet or exceed the NRC (1988) requirements for all other nutrients. Dietary treatments were made from each of the two basal diets by the addition of .1 and .2% crystalline lysine.HC1 at the expense of corn. Based on the equation developed by Kornegay and Notter (1984) to predict feed intake of pigs under restricted floor space allowances, these dietary lysine levels were expected to maintain the lysine intake of pigs housed under conditions of restricted floor space at a level similar to those housed under normal conditions and fed levels of lysine suggested by the NRC (1988). It was calculated that the total lysine intake of the .l% lysine,HCl-supplemented diet would be slightly below the control intake and the total lysine intake of .2% lysine-supplemented diet would be slightly above the control intake. The Phase 1 diets were fed until the average weight of pigs in a pen reached 10 kg. The Phase 2 diets were fed thereafter for the remainder of the trial.
All pigs were housed in pens (.915 m x 1.219 m ) with plastic-coated, welded-wire floors (10.2-cm x 50.8-cm rectangular openings) in temperature-controlled rooms. Pen width was adjusted and either a full pen (1.12 m2) or a half-pen (.56 m2) was used to provide the desired floor space allowance (.28 and . m2 per pig, respectively). The number of pigs was maintained constant for all pens (four pigs per pen). The feeder, located on the front of the pen, provided 45.7 cm of feeder space per full or half-pen. Pigs were allowed ad libitum access to diets during the 35-d trial. Each pen was equipped with one nipple waterer. Recommended ventilation rates (Murphy et al., 1990) and temperatures (Harp and Huhnke, 1992) were maintained.
Pigs were injected intramuscularly with 1 mL of an ovalbumin solution ( 1 mg/mL of ovalbumin in a 1:l mixture of saline and Freund's incomplete adjuvant) at the start of the experiment and after 3 wk on test. A 10-mL sample of blood was taken by venipuncture of the anterior vena cava after 3 and 6 wk on test for assessment of the primary and secondary immune response using an ELISA procedure. The ELISA were performed using 1:2,000 dilutions of serum in a phosphate-buffered saline/Tween buffer on microtiter plates. Immune titers were quantified using rabbit anti-swine immunoglobulin G (3215-0082, Cappell, West Chester, PA) and a peroxidase substrate solution. Absorbance was measured using a spectrophotometer (Titertek Multiscan MCC/340, ICN Biomedical, McLean, VA) at 414 nm. Arbitrary antibody units were derived from a standard response obtained using pooled serum from similarly aged and managed pigs.
Individual BW and pen feed consumption were recorded weekly. Gainlfeed ratio was calculated. The data were analyzed using the GLM procedure of SAS (1988) , with pen as the experimental unit. The model included trial, floor space allowance, lysine level, and all appropriate interactions. The effect of lysine level was separated using nonorthogonal contrasts. In addition, the range and variance of ADG and BW were calculated for each pen of pigs. Variances were expressed as logarithms to account for nonorthogonal distribution and as CV to account for scaling to mean performance. Treatment. effects on ranges, CV, and transformed variances were evaluated using the GLM analysis of variance (SAS, 1988) .
Results and Discussion
There were no lysine x floor space allowance interactions ( P = .25) for any of the response criteria. The main effects of floor space allowance and lysine levels on daily gain, daily feed intake, and gainlfeed of weanling pigs are presented in Table 2 . No death losses were experienced.
Decreasing the floor space allowance from .28 to .14 m2 per pig resulted in decreases ( P < .001) in daily gain and daily feed intake of weanling pigs. These data are consistent with previous reports (Le Dividich, 1979; Kornegay et al., 1980 Kornegay et al., , 1981 Lindvall, 1981; Harper and Kornegay, 1983; Lindemann et al., 1987) . The 50% reduction in floor space allowance in this study caused an 11.6% decrease in daily feed intake and a 12.1% decrease in daily gain. This observation lends support to the conclusion made by Kornegay and Notter (1984) that reduced feed intake is the primary factor contributing to the poor performance of pigs reared under conditions of restricted floor space.
Restricting the floor space allowance had no effect on the gainifeed of weanling pigs. Although some studies (Harper and Kornegay, 1983; Kornegay et al., 1980) have reported lower gainifeed ratios for pigs housed under conditions of restricted floor space, others (Kornegay et al., 1981; Lindvall, 1981; Lindemann et al., 1987) have found no effects of restricted floor space. The variable effect of restricted floor allowance on gainifeed was further illustrated by a trial x floor space allowance interaction ( P < .02) in our study. The gain/feed ratios were lower for pigs with restricted floor space allowance in Trial 1 and higher for pigs with restricted floor space allowance in Trial 2, whereas no differences were noted between pigs with adequate or restricted floor space allowance CDiet with NRC lysine lower ( P < .07) than diets with supplemental lysine.
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in Trial 3. No plausible explanation can be offered for these observations because all trials were conducted in the same facility under controlled environmental conditions. Addition of either .1 or .2% crystalline lysine.HC1 to basal diets, formulated to NRC (1988) lysine requirements (1.15% to 10 kg and .95% to 20 kg), increased daily gain ( P < .07) and gainlfeed ( P < . l o ) of weanling pigs. The addition of .l% lysine.HC1 was as effective as the 2% lysine.HC1. Numerical means for feed intake favored the supplemental lysine levels, but the effects were not significant ( P = .28). The growth response observed with additional lysine suggests that the lysine requirements of weanling pigs for maximum growth may be higher than what the NRC recommends. Results similar to our findings have been reported previously by others (Lewis et al., 1980; Aherne and Nielsen, 1983; Rose11 and Zimmerman, 1984; Asche et al., 1985) .
The humoral immune response, as measured by the level of antibodies produced after a primary and secondary injection of ovalbumin (mixed with incomplete adjuvant), was not different for pigs housed with adequate and restricted floor space. Lindemann et al.
( 198 7 1 also reported no effect of restricting floor space allowance (.11 vs .22 m2 per pig) on the antibody response to a killed Brucella abortus strain 19, even though the corticoid level was elevated for pigs housed with . l l m2 per compared with those housed with 2 2 m2 per pig (49.8 vs 42.4 ng/mL). Lindemann et al. (1988) reported that there was no clear indication that restricting the floor space allowance or increasing the number of pigs per cage compromised the response to injections of sheep red blood cells and lysozyme or to intradermal injections of phytohemagglutinin. The primary response to ovalbumin was not influenced by lysine level, but the secondary response was greater ( P < .05) for pigs fed both levels of supplemental lysine than for pigs fed the control. To the contrary, Cook and Miller (1991) suggested that there was little indication that a lysine deficiency influences the immune response of animals, and much less evidence that levels of lysine in excess of the levels required for maximum growth and feed efficiency would affect the immune response. Austic et al. (1991) have suggested, with very limited data, that the requirements for amino acids to maximize specific immune functions are at least as high as the requirements for amino acids for growth.
Restricting floor space allowance and increasing dietary lysine level did not affect the within-pen variation of daily gain and final BW, as measured by range, CV, and logarithm of variance ( Table 2 ). In agreement, Kornegay et al. (1985) reported that increasing stocking density of weanling pigs within the range of . l l to .28 m2 per pig did not cause a greater variation in BW gains. These data indicate that the effects of floor space restriction and lysine levels seem to be uniform within a pen; all animals reacted similarly.
The lysine x floor space allowance interaction was not significant for daily gain, daily feed intake, gain: feed, humoral immune response, or the various measures of variation within pens. The response of weanling pigs to addition of lysine.HC1 was similar whether the pigs were housed under conditions of restricted or adequate floor space allowance. We anticipated that because pigs housed under restricted consumed less feed and consequently less lysine, their response to additional lysine would be greater. The absence of such a response indicates that reduced lysine intake is not solely responsible for the decreased growth of weanling pigs under conditions of restricted floor space allowance. The daily energy intake of pigs housed under conditions of restricted floor space allowance was reduced because, although the energy content of the diet was similar, daily intake was reduced. Perhaps an increase in the energy density of the diet might overcome some of the reduction in feed intake and, thus, growth rate. Other attempts to overcome the reduction in performance caused by restricted floor space allowance such as feeding antibiotics (Harper and Kornegay, 1983 ; NCR-89 Committee on Confinement Management of Swine, 1984; Yen and Pond, 1987) and supplemental nutrients at levels higher than those normally required for growth (Mg, E i d e r et al., 1975; vitamin C, Yen and Pond, 1987; Se and Zn, Rornegay et al., unpublished data) have also been unsuccessful.
Implications
The reductions in daily gain and daily feed intake of weanling pigs housed under restricted floor space allowance were anticipated, as was the direction of responses to the addition of crystalline lysine.HC1. It was hypothesized that pigs housed under conditions of restricted floor space allowance would respond more positively to additional lysine compared with those allowed adequate floor space. The absence of floor space allowance x lysine interactions on growth and immune responses indicates that additional lysine at the levels provided in this experiment does not overcome the negative effects of restricting floor space allowance in weanling pigs.
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